To identify lectin binding sites and to determine if lectin binding patterns change with age in developing neonatal porcine uterine tissues, gilts (n = 3/day) were hysterectomized on Day 0 (birth), 7, 14,28,42, or 56. Lectin binding was visualized in Bouin's-fued utetine tissues with seven biotinylated lectins (ConA, DBA, PNA, RCA-I, SBA, UEA-I, and WGA) and avidin-peroxidase staining procedures. Leain specificities were demonstrated by pre-incubating lectins with appropriate inhibitory sugars (0.2 M). Staining intensity was evaluated visually (absent, weak, moderate, or strong) for three endometrial tissues; luminal epithelium, glandular epithelium, and stroma. Staining intensities for DBA, PNA, SBA, and WGA were not affected by neonatal age. Staining with these lectins was greater in uterine epithelium (moderate or strong) than in stroma (weak). In contrast, binding patterns for ConA, UEA-I, and RCA-I were affected by neonatal age. Strong epithelial staining associated with ConA
Introduction
Growth of the porcine uterus and development of the porcine uterine wall between birth and puberty have been characterized grossly (Wu and Dziuk, 1988; Dyck and Swierstra, 1983; Dyck, 1980) and histologically (Dyck and Swierstra, 1983; Erices and Schnurrbusch, 1979; Bal and Getty, 1970; Hadek and Getty, 1959) . Transformation of the porcine uterine wall from structural infancy to histoarchitectural maturity occurs during the first 120 days after birth (Dyck and Swierstra, 1983; Dyck, 1980; Erices and Schnurrbusch, 1979; Bal and Getty, 1970; Hadek and Getty, 1959) . Uterine morphogenetic events characteristic of the first 8 weeks of life are dramatic and include appearance and proliferation of uterine glands, development of endometrial folds, and both differentiation and development of myometrial smooth muscle layers (Dyck and Swier- Correspondence to: Dr. Frank F. Bartol, Dept. of Animal and Dairy Sciences, 240 Animal Science Building, Auburn University, Auburn, AL 36849-5415. binding was observed on all days, whereas stromal ConA staining decreased in intensity from moderate to weak after Day 14. Epithelial staining with UEA-I increased f h m moderate to strong after Day 28, whereas stromal UEA-I staining decreased from moderate to weak after day 28. Staining with RCA-I was homogeneous for luminal epithelium and stroma but variegated for glandular epithelium on and after Day 7. These observations indicate that a variety of lectin binding sites are present in developing neonatal porcine endometrial tissues and that developmentally related alterations in the distribution and/or orientation of glycoconjugates containing U-D-mannose, p-D-galactose, p-D-acety1-N-galactosamine, and u-~-fucose residues OCCUL between birth and Day 56 as these tissues mature. ( J Hisrochem Cyrdem 40: [1937] [1938] [1939] [1940] [1941] [1942] 1992) stra, 1983; Erices and Schnurrbusch, 1979; Bal and Getty, 1970; Hadek and Getty, 1959) . Ovariectomy of neonatal gilts on Day 20 did not affect postnatal uterine growth until after Day 60 (Wu and Dziuk, 1988) . Therefore, extensive endometrial development and remodeling, characteristic of the first 2 months of neonatal life in the pig, may occur without a requirement for ovarian support. Ovary-independent endometrial histogenesis was demonstrated for the neonatal ovine uterus by this laboratory (Bartol et al., 1988a,b) and for the uterus of neonatal rats and mice by others (Bigsby and Cunha, 1985; Branham et al., 1985a,b; Ogasawara et al., 1983) . Because success of organizational events associated with morphogenesis, growth, and cytodifferentiation of uterine tissues is likely to determine the potential of adult tissues to function competently in support of conceptus development, it is important that these events be defined. Recent observations from this laboratory indicate that development of the neonatal porcine uterine wall between birth and Day 56 involved both age-and tissue site-specific changes in endometrial DNA synthesis, as reflected by alterations in both epithelial and stromal cell incorporation of [ methyL3H]-thymidine . These systematic changes in endometrial DNA synthesis were accompanied by parallel changes in distribution of tissue glycosaminoglycans, visualized in situ with Alcian Blue 8GX histochemistry, as well as by age-related changes in the patterns of deposition of D-[ 6-3H]-glucosamine, identified in situ by autoradiography of metabolically labeled uterine tissues . In addition, the array of proteins produced in vitro from 3H-labeled leucine by neonatal porcine uterine tissues was shown to increase in complexity between birth and day 56 (Bartol et al., 1991) . Collectively, these observations were interpreted to indicate that the neonatal porcine uterus is neither structurally nor biochemically mature at birth, and that mechanisms regulating endometrial development during this period are likely to involve local regulation of morphogenetic activity.
Alterations in the presence, distribution, or orientation of carbohydrates on cell surfaces and in the extracellular matrix provide evidence of biochemical change in developing tissues (Spicer and Schulte, 1992; Sanford and Harris-Hooker, 1990; Ekblom et al., 1986) . Moreover, such alterations may contribute to or even be essential for support of remodeling events associated with establishment of endometrial structure and function (Bartol et al., 1988b) . The objectives of the present study were (a) to characterize the distribution of specific endometrial lectin binding sites in developing porcine uteri obtained between birth and Day 56 of neonatal life, and (b) to determine if lectin binding patterns were affected by neonatal age in the developing porcine endometrium.
Materials and Methods
Animal Manipulations, Sample Collection, and Processing. Eighteen crossbred gilts were randomly assigned at birth (Day 0) to be hysterectomized (n = 3lday)on Day 0 , 7 , 14, 28,42, or 56. All procedures involvinganimals were approved by the Auburn University Institutional Animal Care and Use Committee. Uterine tissues obtained at surgery were immediately dissected free of the broad ligament and a cross-section taken from the middle of each uterine horn was fixed in Bouin's fluid for histology.
After 24 hr, fixed uterine tissues were processed through several changes of 50% (vlv) ethanol in Hz0 to remove excess picric acid. Tissues prepared in this manner were dehydrated through a graded series of alcohols, cleared in xylene, and embedded in Paraplast-Plus (Monoject Scientific; St Louis, MO). Embedded tissues were then sectioned ( 5 pm) for staining with biotinylated lectins.
Lectin Staining. Lectins used, their source, and corresponding carbohydrate specificities are listed in Table 1 . The lectins employed in this study were chosen on the basis of reports that the carbohydrate moieties which they specify may be involved in development and differentiation of uterine tissues (Aplin, 1991;  Raedler and Schreiber, 1988;  Rober and Holtz, 1988 ; Bartol et al., 1988b) .
Lectin binding sites were visualized in deparaffinized, rehydrated tissue sections with biotinylated lectins and the avidin-horseradish peroxidase complex (Vector Laboratories; Burlingame, CA). To quench endogenous peroxidase activity, sections were incubated for 30 min in 0.3% H202 in methanol (vlv). After rinsing with 10 mM PBS, pH 7.2, sections were covered with 1% bovine serum albumin (BSA) (Sigma; St Louis, MO) in PBS (wlv; BSA-PBS) for 15 min, rinsed briefly with PBS, and incubated with biotinylated lectins (25 pglml) in 0.1% BSA-PBS (wlv) for 30 min at room temperature. Sections were then incubated with the avidin-peroxidase complex for 30 min at room temperature, washed in PBS again, and developed for 30 min at room temperature in a 1:l solution of 0.02% (vlv) H202 and 0.1% (wlv) 3,3'-diaminobenzidine,4HCI (Sigma) made in 0.1 M %is buffer (pH 7.2). Finally, sections were rinsed in deionized Hz0, dehydrated in alcohol, cleared in xylene, and coverslips affixed with Permount (Fisher Scientific; Atlanta, GA).
Lectin specificities were demonstrated with appropriate inhibitory sugars 
Lectin specificities were obtained from Vector Laboratories. Indicates sugar used to inhibit biotinylated lectin binding.
(see Table 1 ). Biotinylated lectins were pre-incubated with inhibitory sug ars (0.2 M) (Sigma) in PBS for 30 min at room temperature and incubated with uterine sections for 30 min at room temperature. Uterine sections were then developed as described above. With these control procedures, no lectin staining was seen in any uterine tissue sections. Nonspecific binding of the avidin-peroxidase complex was assessed by incubating tissue sections with the complex alone for 30 min. Uterine sections were then developed as described above. In all cases, staining due to nonspecific lectin binding was absent. Tissue sections representing each animal and day were processed together as sets. Comparisons of staining patterns and intensities were performed within staining sets. Lectin staining patterns were scored visually (absent, weak, moderate, or strong) for three endometrial tissues (luminal epithelium, glandular epithelium, and stroma).
Photomiaoscopy. Photomicrographs of representative fields were made with an Olympus AH-2, Vanox-S photomicroscope (Olympus Optical; Tokyo, Japan) and Kodacolor Gold 100 color film (Eastman Kodak; Rochester, NY).
Black-and-white prints were made from dichromatic color negatives with Panalure I1 RC paper (Eastman Kodak).
Results
All biotinylated lectins tested displayed affinity for developing por- cine endometrial tissues. In all cases, lectin staining was absent when the biotinylated lectin was pre-incubated with an appropriate inhibitory sugar.
General lectin binding relationships are described below and summarized in Table 2 . Staining patterns for DBA, PNA, SBA, and WGA were not affected by day (Figure 1 ). Stromal staining intensity was weak on all days for these lectins. However, epithelial staining was strong for DBA and SBA and moderate for PNA and WGA. In contrast to lectin binding that was unchanged postnatally, the staining patterns for ConA, UEA-I, and RCA-I were affected by neonatal age. Staining intensity for ConA was strong for both luminal and glandular epithelium on all days (Figure 2 ). However, stromal ConA staining: intensity decreased from moderate to r 14.a . ; . . J . ,::.--,:'.?; $ weak after Day 14 ( Figure; ). Epithelial staining with UEA-I increased in intensity from moderate to strong after Day 14. whereas stromal staining decreased from moderate to weak after Day 14 ( Figure 3 ). Finally, staining with RCA-I was homogeneous for luminal epithelium and stroma but variegated for glandular epithelium, which was present in all uteri obtained on and after Day 7 (Figure 4 ).
Discussion
Lectins bind to specific internal or terminal sugar residues of cellular and extracellular glycoproteins, glycolipids, and glycosaminoglycans (Spicer and Schulte. 1992;  Raedler and Schreiber, 1988; Ekblom et al., 1986; Goldstein and Hayes, 1978) . However, glycoproteins are the principal components visualized with lectins (Spicer and Schulte. 1992) . By use of marker-coupled lectins, carbohydrate residues that might mediate interactions of cells with other cells, the extracellular matrix, hormones, and growth factors can be identified in situ (Raedler and Schreiber, 1988) . These techniques have been used to identify changes in cell surface glycoconjugates during the course of development of a number of organs, including the uterus, in a variety of animals (Aplin, 1991; Aoki et al., 1989; Bartol et al., 1988b; Lee and Damjanov. 1985; Bernfield et al., 1984; Wu et al.. 1983; Toole, 1981) .
Systematic age-related changes in binding patterns were not identified for DBA, SBA, PNA, or WGA. In contrast to this group of lectins, age-related alterations in binding patterns were observed for ConA, RCA-I, and UEA-I. Therefore, these lectins may be useful as markers for study of neonatal porcine endometrial development. Positive staining with ConA provides evidence that glycoconjugates containing a-D-mannose and/or a-D-glucose residues are present in developing porcine endometrial tissues. Studies of the developing neonatal ovine endometrium demonstrated that FIX-ConA staining of epithelial and stromal tissues became more intense with age (Bartol et al., 1988b) . However, ConA staining of endometrial epithelium was found to be unaffected by pregnancy in sheep (Guillomot et al., 1982) or by stage of the ovarian cycle in women (Aoki et al., 1989) .
The general age-related increase in epithelial staining intensity observed for UEA-I provides indirect evidence of accumulation or redistribution of a-L-fucose residues in this endometrial compartment during the first 8 weeks of neonatal life in the pig. Binding patterns reported here for UEA-I were similar to those reported by Rober and Holtz (1988) for adult pigs and by Lee and Dam- janov (1985) for nonpregnant mice, in which UEA-I binding was confined almost exclusively to endometrial epithelium. Positive epithelial UEA-I staining was reported for human endometrium from the proliferative but not the secretory phase of the menstrual cycle (Aoki et al., 1989) . In contrast, Munson and co-workers (1989) found that UEA-I did not bind to endometrial epithelium of either pregnant or non-pregnant cows.
Observed changes in RCA-I staining associated with appearance of endometrial glands, a uniquely postnatal event in the pig, can be interpreted to suggest that the distributions of (3-D-galactose and/or b-N-acetyl-D-galactosamine residues are developmentally regulated in the neonatal porcine endometrium. In marked contrast to the homogeneous staining pattern observed for luminal epithelium and stroma, glandular epithelial staining with RCA-I was consistently variegated in appearance. Heterogeneity of lectin staining within this morphologically homogeneous cell population indicates variations in cell phenotype in developing glandular epithelium. More specifically, variable lectin staining among cells in an otherwise morphologically uniform population was suggested to reflect altered production of glycosidases and glycosyltransferases, as well as changes in the tertiary and higher-order structure of peptide chains to which carbohydrates might attach (Spicer and Schulte, 1992) . Alterations in the presence, distribution, or orien-tation of carbohydrate residues specified by RCA-I may facilitate or reflect events associated with interactions between such residues and effectors of endometrial gland proliferation and epithelial differentiation.
Although not yet examined in uterine tissues, galaptins, a class of tissue-specific P-galactoside binding proteins (Harrison and Chesterton, 1980) , have been implicated in mediation of developmentally regulated, focused mitotic events (Sanford and Harris-Hooker, 1990 ) such as those characteristic of endometrial gland proliferation in the neonatal pig .
The present data indicate that a variety of lectin binding sites are present in the developing neonatal porcine endometrium. Agerelated changes in staining patterns associated with endometrial binding of ConA, RCA-I, and UEA-I lend support to the idea that alterations in the distribution or orientation of glycoconjugates containing a-D-mannose, a-D-glucose, P-D-galactose, P-N-acetylgalactosamine, and a-tfucose residues occur in association with endometrial morphogenetic and cytodifferentiative events characteristic of the period between birth and Day 56 in the pig. Such alterations in cell surface or pericellular matrix carbohydrates may affect cell-cell and cell-matrix interactions (Ekblom et al., 1986) and modify responses of target cells to effector molecules (Sanford and Harris-Hooker, 1990 ) that may be essential for support of porcine endometrial development. Furthermore, galactose, galactosamine and terminally located fucose residues were implicated in mediation of conceptus-endometrial interactions in the adult pig (Rober and Holtt, 1988) . Therefore, the present data can be interpreted to suggest that events associated with establishment of these carbohydrate residues as components of the porcine endometrial glycocalyx and pericellular matrix occur early in neonatal life. The success of these neonatal events may contribute to the ability of adult uterine tissues to function competently in support of adult reproductive processes.
